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MEMORANDUM

Date: June 13, 1990

To: Participants at TFW Field Monitoring Training
Pack Forest June 6-7- 8, 1990.

From: Steve Ralph, Monitoring Project Coordinator

Subject: Errata and comments to monitoring field methods and data sheets.

This memo is being sent to all of those attending the recent field methods training session in the hopes of
clarifying the instructions and correcting errors in the field forms and instruction manual. Also enclosed are
the following items that should aid in understanding the methods more thoroughly:

1. Figures from Dunne and Leopold (1978) to illustrate bankfull width and channel cross sections;
2. Figure 1 and Figure 2 of simulated stream showing habitat units, unit categorization, and

horizontal control survey showing distances and azimuth.
3. Horizontal Control Survey data sheet (Form #2) filled out to match simulated stream in Fig. 1 &

2;
4. Synopsis and summary table for diagnostic features of valley segments and the detail of

combinations of these features to distinguish among the 18 valley segment types;
5. A sheet showing TFW Affiliation Codes for use with the data sheet Form 1;
6. Revised pebble size categories with "mm" corrected to read "cm".
7. Revised code sheet for habitat unit codes.

Specific comments and changes are referenced to the corresponding form and section in the manual, as
follows.

FORM 1. VALLEY SEGMENT SUMMARY

1. Write the specific details to locate the beginning and ending turning points in the block provided on
Form 1. Give at least two (at best, three) references to these so that the’,’ can be relocated in the
future.

The ’discharge" is entered here from that measurement done at the beginning of the habitat unit
survey. You only need to do a new discharge measurement everyday of the habitat unit survey when it
has rained since you began the survey or when the survey takes more than five days to complete.

FORM 2. HORIZONTAL CONTROL SURVEY

1. Percent Gradient - This is only measured at those locations where bankfuI1 width/depth
measurements are made, usually within a riffle. In these cases, gradient is taken for only the unit
occurring at the bankfull location, not the minimum 100 feet upstream and downstream as suggested
in the manual.

Bankfull Width/Depth Measurements - Take a minimum of three such measurements per segment,
even if the segment is less than a mile in length. As a rule of thumb, we need at least three such
measurements per mile of stream surveyed. More than three would be nice. The reason the data
sheet contains a bankfull width/depth entry for every turning point is that we want to know the turning



points encompassing the bankfull measurement, when it is made. So, in practice most of the spaces
for bankfull width/depth associated with turning points will be left blank, and will only be filled in
when a suitable site is located.

3. Bankfull Channel Definition,

4.

5.

The confusion regarding where to observe and take a bankfull measurement is largely a function of
the variety, of conditions seen in the field. The attached figures (Dunn and Leopold 1978) should help
to clarify the determination of bankfull width. Their definition for bankfull condition is when the
water fills the channel completely or is at bankfull stage, its surface is level with the floodplain.

Richards (1982) in Rivers: Form and Function - defines the bankfull condition ... which is normally
defined up to the level at which overbank flow occurs - the "bankfull" section. Keep in mind that you
may ha;’e to be selective where you choose to measure bankfull width/depth - so use your judgement.

Turning Points - Please note a typographical error on Form 2 in regards to the numbering of turning
points and again under the ’distance" entry space provided, Ignore all n +i notation on the data forms.
Start the horizontal cgntr01 survey at the be[finning 9f the segment with turning point number "0", and
measure distance and compass bearing to turning point number "1". In sequence the turning points
should be entered on the same horizontal line on the data sheet as 0 to 1, then 1 to 2,2 to 3,3 to 4,
.... till you reach the end of the segment. Since it is too late to change the field forms (they are being
printed now), just make the mental correction so as not to be confused about this error when it shows
up on the official forms.

Turning Point Distances - This refers to the distance between one point and the next point established
upstream. Again the designation of TP n to TP n + 1, etc. just attempts to refer to the distance
between the turning points noted above, and as such should be treated the same (i.e ignore all n+i

notation). It was pointed out during the training, that the spaces provided for entering distance
between turning points can be filled out one of two ways: either the distances can be cumulative (that
is the distance between two points is added to that between successive pairs of points), or the distance
from one point to the next is recorded, with the first box on the data sheet always reading "0". See
Figure 2 and examples from attached data sheet. As some of you pointed out, it doesn’t really matter
which way you do this, all we’re interested in is the distances between two points. We will calculate
the approximate length of all turning points during the data analysis. But if you find it easier to use
the hip chain and keep a cumulative running length between points, that is fine. If the string breaks
between points, simply zero it out at the downstream turning point and continue upstream to the next
turning point.

Azimuth Bearings - These should be made with the compass set at the proper declination (degrees
east to compensate for influence of magnetic anomalies) ,rod thus entered as true or adjusted
bearings. Refer to corresponding USGS topographic map for correct declination for the area within
which you are working.

7. Discharge is entered from Form 4 after it is taken for purposes of the habitat unit survey.

Form 3. Mass Wasting and Substrate

I. Discharge - Again is entered from Form 4.

2. Mass Wasting "length" means height of slope failure.

3. Pebble counts are done at locations where bankfull measurements are taken (usually riffles), and to
ensure that we have an adequate number of pebble counts in each segment, are taken again at the first



4.

.

riffle location upstream of that unit where bankfull measurements were made. If you want to do the
second or third riffle (or whatever interval), that is fine as long as the number of different sites where
substrate pebble counts are made is at least twice the number of bankfull measurements completed by
the end of the segment survey. If you note dramatic changes in substrate sizes within a reach (e.g.
from gravel to cobble/boulder), get at least three pebble counts in each part of the segment.

Substrate particle size catergories listed on page 23 of the manual and in Appendix B are given in both
English and metric equivalents. All of the metric equivalents are mislabeled as "ram" (millimeters).
They should read "cm" (centimeters), e.g. large cobble at 25 to 50 inches = 64 to 128 cm.

Embeddedness - Only give one embeddedness rating per entire riffle site at which pebble counts are
made. Do this after the pebble count is completed because by then you should have a pretty good idea
of the % embeddedness that appears for the whole unit, on the average.

Forms 4A and 4B - Habitat Unit Survey

Unit Number - Enter a sequential number for every habitat unit encountered. This is simply a way of
numbering the units found within a segment as you progress upstream during your survey. If, for
example the first unit you encounter is a low gradient riffle. This is unit number 1 (one). Simply enter
one in the space provided under unit number and darken in the circle below that corresponding to that
number. Four spaces are provided in case you exceed 1000 units during your segment survey. The
second unit may be a slip face cascade. This is entered at unit number 2 (two). See the accompanying
data sheet sample filled out.

2. Habitat Unit Dimensions

a. Habitat Width - Estimate (or measure) average width of a unit by dividing the unit along its long
axis into three imaginary sections, and approximate (or measure) the unit width at these locations.
Determine the average of these three widths and record on the data sheet.

b. Habitat Depth - Determine average depth for all units except cascades and rapids. This is done
similarly to width above, but more measurements may be needed at larger units. Enter average depth
in category marked "Depth (I)" on Forms 4A and 4B. For pools, the crest or outlet depth of pools is
entered under "Depth (1)", and the maximum depth of the pool is entered under "Depth (2)".

Obstructions - Note that a change should be made under the choices for obstructions to allow for
"root wads" acting as obstructions within the channel that act to form pools. On the Habitat Unit
Code sheet (attached revised version) note the change in code #8 from "other" to "root wad", width #9
added to account for ’other".

4. Unit Category - There was some confusion about when to use the "side channel" category. This is
when a branching occurs off of the main channel, which carries less than half of the entire flow. Note
all units that occur within this side channel, but don’t bother to distinguish between those units
occupying either > 50% or < 50% of the wetted width of the channel (i.e. ignore the fact that they
may be linked or nested; see Figure 1). For our purposes, islands only occur in 7th order and larger
(i.e. really big) rivers. Therefore, don’t worry about whether you have islands or side channels; they
will all be coded as side channels in these surveys.

5. Habitat Unit Type

a. Eliminate SDC or Secondary Channel as a habitat type because it is redundant to the unit
category discussed above.

b. Add SSF to refer to subsurface flow or dry channels



6,

7.

Substrate Particle Size Codes have been changed to correct the earlier error regarding the metric
equivalents.

Large Woody Derbis

a. Size classes - two size classes will be used again this year in distinguishing among woody debris.
"Small" woody debris ranges in size from a minimum of 8 to 20 inches diameter, while "large" woody
debris is greater than 20 inches in diameter. A minimum length of 10 feet must be met before a piece
can be counted.
b. Logjams - Since a separate category is not provided for logjams, we ask that you estimate the
number and size of pieces of woody debris within a jam.

Seral Stage - Note that a "young" seral stage has been added (coded as #5) to account for stands
intermediate to "pole" and "mature timber" stages. The code number for these stages changes to 6 and
7, respectively.
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TABLE 2. CLASSIFICATION OF STREAM BEDLOAD (SUBSTRATE) BY PARTICLE SIZE.

PARTICLE DIAMETER SIZE

> 50 inches (128cm)

25 to 50 in. (64-128cm)

12 to 25 in. (32-64cm)

6 to 12 in. (16-32cm)

3 to 6 in. (8-16cm)

1.6 to 3 in. (4-8cm)

0.8 to 1.6 in. (2--4cm)

0.4 to 0.8 in. (1-2cm)

0.2 to 0.4 in. (0.5-1cm)

0.1 to 0.2 in. (0.25-0.5cm)

0.05 to 0.1 in. (0.125 to 0.25 cm)

SEDIMENT CODE

boulder 10

large cobble 9

medium cobble 8

small cobble 7

coarse gravel 6

medium gravel 5

small gravel 4

pea gravel 3

coarse sand 2

medium sand 1

fine sand 0

B. Gravel Embeddedness

Embeddedness rates the degree that the larger particles (boulder, rubble, or gravel) are

surrounded or covered by fine sediment. The rating is a measurement of how much of the surface

area of the larger size particles is covered by fine sediment (slit or sand). We have not included an

additional rating that would describe the nature of the embedding material (sand or silt) at this time, but

may include this in subsequent years. An embeddedness rating should allow for some qualitative

evaluation of the channel substrate suitability for spawning, egg incubation, and habitats for aquatic

invertebrates, and young overwintering fish. The rearing quality of the instream cover provided by the

substrate can be evaluated also. As the percent of embeddedness increases, the biotic productivity is

also thought to decrease.

This estimate of embeddedness will be done at the riffle locations selected for the

characterization of the bed material, as described above. To enhance one’s judgement in making this

rating, remove a particle of bed material and try to estimate as a % how much of the vertical dimension

of the particle was embedded by sand or silt. Usually, a distinct line can be seen on the surface where

the portion not embedded was exposed to flowing water. Classify the percent embeddedness

according to the following rating, and mark the data sheet accordingly:













VALLEY SEGMENT DIAGNOSTIC
FEATURES KEY

Mapping symbol:

Alphanumeric code used to delineate valley segment on maps

VALLEY BOTTOM SLOPE:

SIDESLOPE GRADIENT:

VALLEY BOTTOM WIDTH:

CHANNEL PATTERN:

CHANNEL ADJACENT
GEOMORPHIC SURFACES:

GENERAL DESCRIPTIONS:

roughly corresponds to valley bottom longitudinal
gradient measured in lengths of at least 40 times
the active channel, or bankfull width; initially
measured from topographic maps and then field
verified

describes the cross sectional profile of stream and
valley corridor, gradients are measured for the
initial 100 vertical meters and/or the initial 300
meters slope distance; distinct breaks in gradient
are not averaged, but instead are qualitatively
addressed in descriptions

ratio of valley bottom width to active channel
width (bankfull width); valley bottom is defined as
the essentially fiat area adjacent to the stream
channel

describes overall amount of channel constraint,
degree of sinuosity, and braiding characteristic of
channel

brief listing of commonly associated geomorphic
surfaces; these are not considered definitive
criteria to identify valley segments, but are
provided for stream managers with this type of
information available

a brief narrative on landform, general position in
the watershed, keys to easy identification, and
keys to separate from similar segment types
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AFFILIATION CODES

78 UNDEFINED

54 AMSC
59 AMSC-U.W./CSS
02 Chehalis
03 Chinook
58 CMER S.C.,Other
04 Colville
05 Cowlitz
69 DNR
7O DOE
06 Duwamish
66 EPA
55 Fish St. Comm.
07 Hoh
52 Hoh-Clw. Exp For
08 Lower Elwha
09 Lummi
10 Makah

43 Medicine Cr T.C.
11 Muckleshoot
12 NezPerce

13 Nisqually
51 Nisqually RMP
14 Nooksack
01 NWIFC
41 Point Elliot
40 Point No Point
15 Port Gamble
63 Public Coop.
16 Puyalllup
17 Quileute
18 Quinalt
44 Quinalt T.C
53 RMP, other
19 Samish
20 Sauk-Suiattle
56 SHAM
21 Shoalwater
45 Skagit Sy. Coop.
22 Skokomish
aa ?’ ....
24 Snohomish
25 Snoqualmie
46 Spokane

28 Squamish
26 Squaxin Island
27 Steilacoom
36 Stillaguamish
29 Swinomish
30 Swinomish- Ab.
62 TFW Cooperator
31 Tulalip
47 UCUT

32 Umatilla
33 Upper Skagit

64 USFS
67 USF’WS
65 USGS
68 U.S. Govt, Other
60 U.W./CSS
34 Warm Springs
71 WDF
61 Weyerhaeuser
57 WQSC
35 Yakima
50 Yakima RMP
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FORWARD

This is version 2.0 of the Ambient Monitoring Field Techniques Manual, prepared for the 1990
field season. It contains important changes in the standardized field procedures to be used in the
Timber, Fish and Wildlife statewide monitoring project, now in its second year of field testing. These
changes are intended to enhance the reliability in the field procedures and their resultant data. The
most significant changes have been made in the treatment of inchannel bottom sediment, and in the
sequence in which certain data is collected. Information on sediment, channel geometric dimensions,
and bank and slope stability are collected during the horizontal control survey. Habitat specific data
are collected in a subsequent pass through the segment to be surveyed. An additional change has to
do with the field forms used to record data. These have been completely redesigned to allow for the
data to be optically scanned rather than manual transcribed.

The project objectives and rationale are detailed in a document entitled Ambient Monitoring
Steering Committee Extensive Stream Survey Project Study Plan, which is available upon request. The
valley segment classification system alluded to in the document is more thoroughly described in a
separate manual, also available upon request. The valley segment serves as the basis for selection of
distinct reaches of streams within which the field methods described herein are performed.

ACKNOWLEDGEMENTS

Both Mike Patron (Northwest Indian Fisheries Commission) and Tim Beechie (Graduate
Student, CSS) contributed their insight and expertise to refinement of the field methods, and deserve
special recognition. H. Morgan Hicks of the Center for Streamside Studies lent his able design skills to
the layout and production of the manual. Tamre Cardoso (Graduate Student, Center for Quantitative
Studies) provided editorial comments that have enhanced the document. Mike Patron (NWlFC) and
Nana Lowell (Office of Educational Assessment, U.W.) provided great insight into the design of the
optically scannable field forms used in recording the field data.

Stephen C. Ralph
TFW Monitoring Coordinator
Center for Streamside Studies, AR- 10
University of Washington
Seattle, Washington 98195
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I. INTRODUCTION

This manual describes the specific field methods to be used in this the second year pilot project

for the implementation of a Timber, Fish & Wildlife (TFVV) statewide stream monitoring program. The

Ambient Monitoring Field Project is essential for successfully meeting many of the goals of the TF-W

agreement, primarily by providing reliable, consistent information on the status and trends for aquatic

fisheries habitat associated with forested streams within Washington State. The ambient monitoring

field project has been designed with the intention that it will ultimately provide this essential information

to the process of adaptive management. Reliable, up to date data on resource condition across the

state will be interpreted and the results applied to the management situation. This information will

provide a direct link to evaluating the overall effect of the new forest practice regulations - a perspective

needed for the judicious application of "adaptive management". Adaptive management is the process

that allows us to make changes in land management actions based upon an growing understanding of

the relationship between land-use activities and renewable public resources supported within streams

and forests.

A. Content of this Manual

This field manual is written for use by field personnel, affiliated staff and interested cooperators

that will be applying these methods in the field. We have included background information on key

variables to be measured as well as their methods. Many of these methods have been adapted from

existing literature in the hopes of providing reliable ways in which comparable data on key riparian

parameters can be collected in a consistent fashion. Some methods have been modified from those

presented in the first year, as these changes were felt necessary to further the reliability of the resulting

data.

B. General Strateqy

The Ambient Monitoring Steering Committee (AMSC) Extensive Field Monitoring Workplan

(March 1990), provides the rationale and general approach to our statewide stream monitoring field

efforts and stream segment classification scheme, Two important objectives have been identified:

to implement a broad-brush extensive survey of key physical habitat features within streams

and rivers. These variables are of particular concern because they manifest the in-channel

response to natural or man-induced disturbances occurring within the watershed; and

> to test the usefulness of delineating streams into their component valley segments based on

recognizable combinations of key attributes. Stream segments delineated by virtue of their
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five diagnostic attributes allows for an understanding of the processes that shape the

character of the stream, and thus its in-channel habitat, These segments are the most easily

identified large scale features of streams (Frissell and Liss 1986).

The field sampling design includes selecting streams from within the state’s component

ecoregions (Omernik and Gallant 1986) and delineating them by virtue of their component valley

segments. The working hypothesis is that through classification, an understanding of the character of

instream fisheries habitat and how it responds to land use activities and impacts (from our field

surveys) can be extrapolated from one stream segment to a similar stream segment. Key to meeting

this objective is a sampling effort to inventory the status of important physical features of streams on a

statewide basis.

Instruction in the methods and criteria for site selection, i.e., determining "valley segment types",

was the subject of a separate training exercise. A guide to identifying valley segment types by C. E.

Cupp, is available from the Ambient Monitoring Program Coordinator at (206) 543-3507. A listing of the

description and alphanumeric codes (revised from 1989) is included in Appendix A.

C. Backqround information on Watershed Condition

By design, our level of focus in this initial sampling effort Is at the stream "segment" level Our

understanding and future interpretation of the relationship between what we measure within the stream

segment, the natural landscape processes at work, and ongoing land use practices, is largely

dependent upon our knowledge of the unique combination of attributes and history of disturbance

within a particular watershed. A separate but related project will characterize key attributes of major

basins within which our sampling is occurring. These include important resources and activities

conducted on the scale of watersheds, such as the following:

> basin hydrology and annual flow hydrograph,

> distribution and character of soils within the watershed,

> geologic history and geomorphic features,

> vegetation,

> the disturbance history of the basin including the pattern of forest fires, road construction

and timber harvesting, evidence of mass soil failures, debris slides or other such events, and

> basin area.

Rivers and their component segment types within a watershed drainage system will be shaped

to varying degrees by these features and the complex processes that account for them. Knowledge of
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the context within which a system resides will undoubtedly aid in our ability to interpret linkages

between basin processes and changes manifested within the stream channel.

D. Field Data Collection Forms

The field data collection forms designed for the first year of this study have been modified

substantially. This year, field forms have been designed that will be optically scanned to automatically

transcribe the data into a computer format. By doing so, we hope to significantly reduce the need to

edit the data entered on the forms, allow for more consistency in data entry, and for summary reports

of collected data to be produced during the current field season. Specific instructions on filling out the

corresponding field forms is included at the end of the discussion on each of the methods that follow.

The field forms are not included in this section because they are still being printed at time of

publication. Copies will be available by June 1990.

1. Form 1 - Valley Segment Summary Form - The front side contains entries for name and

location of stream valley segment, date of survey, WRIA number, stream order, surveyors

identity and affiliation. The back side contains entries for beginning and end points that

define distinct valley segments, Township and Range information, elevation, photographs,

and turning points.

2. Form 2 - Horizontal Control Survey Form - The front side contains entries for the segment

location header information, distances between turning points and corresponding compass

bearings, gradient, and bankfull width and depth information. The back side has additional

space for recording turning point information.

3. Form 3 - Mass Wasting/Bank Cutting and Substrate Form - The front side contains entries

for recording occurrences of mass wasting or slope failures and below that are spaces for

recording lengths of bank cutting. The corresponding turning points are also recorded 1o

bracket the position associated with the entry. The back side contains entries for recording

the pebble counts at selected riffles and percent embeddedness. This will be done every 300

meters at rifles such as at the nearest riffle to the points where bankfull width and depth

measurements are made.

4. Form 4A - Habitat Unit Data Form - This form is to be used at the onset of the actual habitat

unit survey. If a valley segment survey takes more than one day to complete, each

successive day of the survey will start with a Form 4A. Data for a particular day’s survey is

continued on Form 4B (see below). Stream location information is repeated in the heading

of each form; discharge or flow measurement are to be made and entered at the start of the

habitat unit survey. In addition to length, width and depth (both estimated and measured) of

individual units, other parameters are recorded that include obstructions, large woody debris
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(LWD), seral stage of riparian vegetation, land use by bank, and percent canopy closure

(measured). The back side is a continuation.

Form 4B - Habitat Unit Data Form (Continued) - This form Is a continuation of Form 4A, with

Iocational information recorded at top of each individual sheet. The back side continues the

field entries for habitat unit data.
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III. SUMMARY DESCRIPTION OF FIELD PROCEDURES FOR EXTENSIVE SURVEYS

This field season, several important changes have been made in the way and In the sequence in

which certain methods are completed in the field, The stream course will be walked by the crew two

separate times: the first pass through involves the horizontal control survey and associated

measurements of substrate and channel geometry, while the second pass through involves an

inventory of the individual habitat units found within the wetted area of the channel ( these sampling

methods involve the visual estimation techniques refined by Hankin and Reeves (1988), described

later). For the field data collection effort, we will be conducting an extensive level that has two key

components.

A. Horizontal Control Survey

Fields approximate stream course length by establishing "turning points" and corresponding

bearings throughout the length of the valley segment; characterize substrate; channel width and depth

measurements; and occurrences of bank cutting and hillslope failures (referred to here as mass

wasting).

After consulting the appropriate maps, locate access to the segment and note this on Form 1.

Reference the beginning and end points of the segment to some permanent feature so that they may

be relocated in the future.

1. Reference Points - The beginning and end reference points of each surveyed segment will

be marked with a rebar stake and compass bearings and distances to two fixed points will be

made. This is important for baseline horizontal distance coordinates that will help locate key

features of the aquatic habitat.

2. Channel gradient - Gradient will be verified during the horizontal control survey by shooting

a gradient upstream and downstream of the locations chosen for bankfull width and depth

measurements.

3. Substrate - Substrate will be characterized at select transects using the pebble count

method (Wentworth Substrate Particle Size Classification) at uniform riffles selected every

300 meters and associated with channel width and depth measurements {see channel

geometry section).

4. Bankfull Width and Depth - Width and depth (averaged across the channel) will be

measured at a minimum of three sites per mile of stream within a segment.

5. Channel Condition/Slope Stability - The area (length and width) of mass failures and

length of bank cutting between turning points will be noted on the data sheet provided.
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Photos Points - Established during the horizontal control survey along the stream course,

photos will be taken at each turning point that crosses the stream, facing upstream,

whenever possible.

B. Habitat Unit Survey

This survey keys in on the occurrence and dimensions of instream habitat units; in-channel

obstructions, woody debris and riparian vegetation.

1. Discharge - The instantaneous rate of flow past a given cross section of the channel will be

measured at the beginning of a segment survey. This measurement will be taken at cross-

channel transects located in uniform glides or riffles to give flow as a function of depth,

velocity and wetted perimeter.

2. Habitat Unit Identification - Each habitat unit within a segment will be classified according

to those found in the modified Bisson channel habitat units (see key to Habitat Unit Types

found in Appendix E).

3. Obstructions - When the habitat unit encountered is a pool, choose one of eight coded

categories (see code reference sheet In Appendix B) to indicate the feature that is forming

that pool

4. Habitat Unit Dimensions - The length and width of all units will be visually estimated. The

mean depth of riffle units and the crest depth and maximum depth of pool units will be

measured. In addition, a fraction of the habitat unit dimensions will be both estimated and

measured to generate a correction factor for this sampling scheme that calibrates the

estimated with the measured dimensions.

5. Woody Debris - At every habitat unit woody debris (LWD) will be counted, categorized as

logs, root wads, or debris jams, and tallied in the appropriate size and location categories.

Pieces of LWD that span more than one unit will only be counted once, even though they

occur within subsequent units.

6. Riparian Condition - For every measured unit of a particular habitat type, a canopy closure

measurement will be made; at every habitat unit, a gross characterization of the adjacent

riparian plant community seral stage will be recorded and the apparent land use by bank will

be noted.
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IlL VALLEY SEGMENT SUMMARY - FORM 1

Page 10

This form is completed only once per valley segment to compile the important information

regarding stream name, location, segment type, order, unique identifier, and upper/lower boundaries

as delineated by corresponding turning points. Some of the entries cannot reasonably be filled in until

the segment survey itself has been completed (for example the turning point and photo log). Most field

entries are self explanatory, and the discussion below focuses only on those that need some

explanation.

A. Stream Name

Write in the name and fill in bubbles corresponding to the letters of the name for the stream or

river as it appears on the USGS Quad Map.

B. Valley Seqment Type

The segment type should have been determined prior to initiating the survey. Initial designations

may be in error and should be brought to the attention of the local tribal contact, or project

coordinator.

C. WRIA Number

This number must be filled out for each stream. Contact tribal coordinator for help if needed.

D. Stream Order

Record stream order from the Quad map when determining segment type. The stream order

numbering system is a means of numbering streams as part of a drainage basin (Figure 1), where

tributaries that have no branches are designated first-order streams, second-order streams are formed

when two first-order streams join, third-order streams are formed by the joining of two second-order

streams, and so on. Some valley segment types may be found in streams of a variety of different

orders.

E. Surveyors/Affiliations

Both surveyors initials and affiliation are entered. The team member doing the estimating for a

particular segment is entered as Surveyor #1.
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F. Reference Points

Relocation of the surveyed segments in future years is critical to meeting the objectives of this

monitoring program. The term "referencing" means to measure the distance and compass bearing to

at least two fixed objects. The beginning and end points of a segment are permanently marked with

rebar, and triangulated to fixed features such as a boulder or large tree above the high water mark,

Write the description of the reference points, distances and compass bearings in the space provided

for "access points".

G. Township, Ranqe and Section

Refer to your USGS topographic maps to get the delineation.

H. WRIA Number

The Water Resource Inventory Area numbering system is to be used as the unique identifier for

the stream within which the segment survey is completed. The State of Washington WRIA map

provides the 2-digit watershed code while the stream catalogue provides a more precise 4-cligit

location code (note that in some areas a letter designation appears at the end of the four digit numeric

code). Once the valley segment code has been determined for the segment to be surveyed, it will be

paired with the WRIA number to give a unique identifying code to the stream segment.

I. Channel Elevation

Although channel elevation can be useful in fixing our point on the stream, we are only using it

for relative location. Channel elevations can be determined within +/- 40 ft (12.0 m) from U.S.

Geological Survey topographic quadrangle maps with 40-ft (12.0 m) contours. Be sure to note either

feet or meters as the unit of measurement from the map.

J, Adjacent Valley Seqment Types

Note the valley segment type both below and above the segment under survey, if known.
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IV, HORIZONTAL CONTROL SURVEY - FORM 2

A. Horizontal Control Survey

Essential to the success of the monitoring project Is a way of relocating sampled segments

within the stream, so that they may be resampled in subsequent years, This is done by establishing

control points along our survey path. The following discusses a method for measuring horizontal

distance between upstream and downstream points along the bank following the general course of the

stream channel. In this way a longitudinal profile of the stream can be developed and key features

noted in the survey can be relocated in future years.

As the crew progresses upstream, pick a line of sight along the stream course. One team

member walks as far as possible upstream but staying within sight of his/her partner at the beginning

point. The distance between these two points is measured, and a compass bearing is taken to the

turning point established by the team member farthest upstream. Record the turning point station at

the edge of the stream or bank to mark this transition. Turning points are numbered sequentially as

one progresses upstream. Distances and bearings between the points are recorded on the Horizontal

Control Survey Form, Photos of the stream channel are shot facing upstream from each turning point.

In some situations a downstream photo may also be necessary to portray the channel. Photo roll and

frame numbers are also recorded on the Horizontal Control Survey Form. (See Fig. 2.)

Figure 2. Diagram of stream from horizontal control survey.
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Channel MorphoIoqy

1. Channel Gradient - Channel gradient is viewed by many to be the most important variable

regulating stream velocity and therefore is a concern for aquatic environment studies.

Channel gradient is defined as the change in static water surface elevation per unit length of

channel. The channel and valley sideslope gradient are important attributes in our valley

segment classification scheme. During the horizontal control survey of a segment, gradient

will be measured with a clinometer at those same locations chosen for bankfull width and

depth measurements. At those locations, we measure the difference in water surface

elevation between points located equal distances (no less than 100 feet) both upstream and

downstream from each channel cross section. The intent is to measure the average channel

gradient at the same locations chosen for bankfull width and depth measurements, not the

gradient at an individual unit.

The clinometer recommended as part of the survey equipment allows slope angles

expressed as % slope, to be read directly from the scale viewed through the sighting hole.

Field personnel should practice taking gradient measurements with a clinometer, and then

repeat using an engineering transit, if possible, to help calibrate their eye. Hand level or

clinometer readings may provide a gross but acceptable gradient measurement for the

extensive level survey we are attempting here, within 1/2 % of accuracy. Clinometer

readings of gradient generally work better for gradients in excess of 3 %, while their accuracy

decreases when the gradient is less than 1%.

The stream surveyor measuring gradient should use a reference mark on a stadia rod

or determine where their eye level falls on their partner, then send the partner upstream to

act as a "sighting mark". The surveyor then sights through the clinometer and lines up the

haidine with eye level on the upstream partner. Gradient is read in the window where the

haidine crosses the graduated scale. Gradient is best measured when both surveyors are

standing in riffles.

2. Channel and Riparian Features - The riparian zone is composed of two dominate features,

the flood plain and channel. The channel is further subdivided into banks and channel bed or

bottom. All of these features represent the interaction between the flow regime for the

stream, the quantity and character of sediment movement past the channel section of

interest, and the character of the materials making up the bed and banks of the stream.

Channels are shaped by impacts created by flowing ice, water and debris; so it is

logical that some relatively frequent flows dominate the channel-forming process. On the

average, flows that recur about every 2 years or less can be contained within the stream

channel, whereas greater flows may spread out onto the flood plains (depending on channel

shape). The flow that is just large enough to completely fill the channel, or so called bankfull
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flow, is the dominant flow shaping stream channels. The physical appearance (i.e.

morphology) of the channel and flood plain are all referenced to this flow level. For purposes

of aquatic environment inventory, the flood plain and components of the channel are defined

as follows:

Channel - The channel refers to that feature containing the stream that is distinct from

the surrounding area due to breaks in the general slope of the land, lack of terrestrial

vegetation, and changes in the composition of the substrate materials. The channel is made

up of stream banks and stream bottom. In this survey, use the convention of referring to the

right bank or left bank facing in the downstream direction.

The bankfull width is the width of flowing water during the channel forming flood flows

(the high flows which occur every 1 to 2 years). Bankfull width can be measured by

examining a riffle type habitat unit where the flow is confined within a fairly straight stretch of

channel and the channel flows through alluvial (stream-deposited) material. A slight berm of

material, deposited by the receding floodwaters, indicates the edge of the bankfull channel

width. Bankfull width is measured from berm to berm on either side of the channel, and

average bankfull depth is measured by stretching a line or tape from bank to bank and

averaging the measured vertical distances from this point to the stream bottom at obvious

slope breaks across the channel.

Banks - The portion of the channel cross section that tend to restrict lateral movement

of water. The bank often has a gradient steeper than 45% depending on bank materials and

exhibits a distinct break in slope from the stream bottom. Also, an obvious change in

substrata materials may be a reliable delineation of the bank.

Stream Bottom - The portion of the channel cross section not classified as bank. The

bottom is usually composed of stream sediments or water-transported debris and may be

covered by rooted or clinging aquatic vegetation. In some geologic situations, the stream

bottom may consist of bedrock rather than sediments.

Flood plain - The area adjacent to the channel that is occasionally submerged under

water. Usually the flood plain is a low gradient area well covered by various types of riparian

vegetation.

The following cross sectional profiles (Figs. 3a, 3b, 3c, from Platts et al. 1987)

collected on Frenchman Creek in the mountains of southern Idaho illustrate the terminology.

The cross sections are plotted using the same horizontal and vertical scales to avoid

exaggeration of channel features. Figure 3a shows a well-defined channel with obvious

breaks between the channel and the flood plain. The tops of both banks are usually close to

the same elevation and are distinct from the flood plain because of breaks in bank gradient

as shown in this example. The bottom of the left bank is very well defined compared to the
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right bank suggesting a possible change in the composition of the substrate material at this

point. Field examination showed a very definite transition from bottom sediments to fine-

textured, organic bank materials at this point.

Figure 3b shows a well-defined channel and banks with low flows concentrated on

both sides of the bottom and an exposed bottom in the middle.

Figure 3c illustrates a common situation found when a cross section site falls on a

bend in the stream. In these cases, the inside of the bend is a zone of sediment deposition

and the outside is a zone of erosion from the banks. The result is an asymmetrical cross

section as shown.

Often, it is difficult to delineate the bank, especially the bottom edge, on the inside of

the bend because of sediment deposition. The left bank shown in the figure was delineated

on the basis of a break in grade and vegetation growth at the top of the bank and a change

from rock sediments to organic materials, plus a small grade change at the bottom of the

bank. Figure 3c also illustrates another situation that occurs with some cross sections,

especially where the bank and bottom channel on one side have a different appearance than

the opposite side, i.e. where friction forces near the bank cause erosion. However, the top of

the bank is stabilized by vegetation roots allowing the bank to undercut. Bank undercutting is

most common along the outside of bends in the channel, but is not restricted to bends. It

can, and commonly does, occur on straight channel reaches as well. Sometimes, the

undercut bank collapses, causing a stair-step appearance at the bottom of the bank as

shown on the bottom of right bank in Fig. 3e. This is true where bottom materials have a

high silt or clay content, not in gravel/sand mixtures.

Channel Geometry Measurements (Fig. 4)

a. Bankfull Width - Bankfull width and depth measurements will be made where bankfull

width can be clearly seen. The bankfull width is that area of the channel that is typically

flooded about every 2 years. Bankfull width and depth measurements are important for

determining the size of these channel forming flows as well as the width/depth ratio and

relative stability of the channel.

Bankfull width is best measured where the stream flow is fairly straight (such as at

riffles) and the channel is bounded by alluvial (stream deposited) material. A berm of

material deposited by the receding floodwaters identifies the edge of the bankfull channel.

The berm may be obscured by leaves and vegetation.

b. Bankfull Depth - If the channel profile is uniform, one or two measurements of depth

are usually sufficient to determine average depth. Where the channel profile is not uniform,

the idea is to take a sufficient number of depth readings to characterize the average width of

the channel. For a general rule of thumb, take one depth reading at the deepest portion of
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the channel (this is usually synonymous with the thalweg). Then take two more

measurements at locations either side of this deep point, at positions 1/3 and 2/3 of the

remaining distance across to each bank. When these numbers are averaged, add one more

depth of 0 to account for the starting point on one shore, where the water surface and the

bank or the channel meet.
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V. MASS WASTING AND CHANNEL BANK CUTTING - FORM 3, FRONT SIDE

The length of bank cutting and instances of hillslope failures (i.e. mass wasting events) are

recorded on Form 3. This is done concurrently with the horizontal control survey. During this survey,

team members should note the physical characteristics described below, estimate the area of mass

slope failures and length of bank cutting as they progress upstream.

The channel is divided into three vertical components, as shown in Fig. 4: the upper banks

include that portion of the topographic cross section from the break in the general slope of the

surrounding land to the normal high water line; the lower banks include the intermittently submerged

portion of the channel cross section from the normal high water line to the water’s edge during the

summer low flow period; and the bottom includes the submerged portion of the channel cross section.

A. Mass Wastinq or Slope Failur0s

Mass wasting includes landslides from adjacent hillslopes that reach the stream channel, as well

as mass soil movement adjacent to the channel, The difference between mass wasting and bank

cutting is that mass wasting affects the upper banks while bank cutting affects the lower banks. Figure

5 illustrates different types of mass failures,

Estimate the length and width associated with each mass wasting event, and note the upstream

and downstream turning points that bracket the length traversed. The estimated length (or height) and

width of failures is recorded in the space provided.

B. Bank Cuttinq Frequency

Bank cutting occurs along many channels as a response to several processes that may be

acting in concert. Flows associated with large storm events, increased sediment loads that decrease

channel flood flow carrying capacity, dam break floods, and even animal grazing. Our intent is to

document the approximate length of bank cutting seen along the stream. Since right and left bank

areas are recorded separately, be sure to note the turning points that encompass the upper and lower

boundary of the cut bank.
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Vl, STREAM CHANNEL SUBSTRATE - FORM 3, BACK SIDE

This important physical habitat component is accounted for by conducting a pebble count

(Wolman 1954) at selected riffle units during the horizontal control survey, This is a departure from the

visual estimation of dominant and subdominant particle sizes done during the first year of this pilot

project. The pebble count will yield information about coarse particle size distribution within selected

riffles that is more reliable and easily analyzed. The bed material that characterizes the channel bottom

is an important determinant of fish spawning and wintering habitat quality, This method is designed for

coarse sized particles and is therefore bias against very small and very large particles. A relative index

of gravel embeddedness is included to serve as an empirical assessment of the percent of fine

materials surrounding bed material.

> Boulders are stratified into two size classes.

> Cobble stabilizes the stream bottom, provides habitat for fish rearing, and is the substrate

where much of the food for fish is produced. Cobble is divided into three size classes.

> Gravel is important for spawning, incubation of embryos, and as substrate for some aquatic

invertebrates. Gravel is distributed among four particle sizes.

> Sand (Fines) Fine sediment is separated into three classes consisting of sand (coarse,

medium and fine sediment). The reason for the separation is that the larger particle can trap

alevins in the redds, and the small fine particles decrease water flow through spawning

gravels.

The pebble count procedure involves selecting 100 substrate particles within a riffle, measuring

their intermediate axis diameter size and recording it in a corresponding size category as seen below.

The procedure is to randomly wander over the unit and at every second step reach down without

looking and place your index finger on the particle directly beneath the toe of your boot. This particle

is removed and the middle axis is measured with a metric ruler. The actual measurement is used to

place the particle in a size category based upon a modification of the Wentworth Substrate Particle

Size Classification as noted below.

A. Particle Sizes of Bottom Substrate

The sediment particle size categories are shown in the table below; the interpretations of

boulder, rubble, gravel, and fine sediments are based on this classification. The corresponding size

code is entered onto the back side of Form 3.
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TABLE 2. CLASSIFICATION OF STREAM BEDLOAD (SUBSTRATE) BY PARTICLE SIZE.

PARTICLE DIAMETER SIZE

> 50 inches (128mm)

25 to 50 in. (64-128mm)

12 to 25 in. (32-64mm)

6 to 12 in. (16-32mm)

3 to 6 in, (8-16mm)

1.6 to 3 in. (4-8mm)

0.8 to 1.6 in. (2-4mm)

0.4 to 0.8 in. (1-2mm)

0.2 to 0.4 in. (0.5-1 mm)

0.1 to 0.2 in. (0.25-0.5mm)

0.05 to 0.1 in. (0.125 to 0.25 mm)

SEDIMENT CODE

boulder 10

large cobble 9

medium cobble 8

small cobble 7

coarse gravel 6

medium gravel 5

small gravel 4

pea gravel 3

coarse sand 2

medium sand 1

fine sand 0

B. Gravel Embeddedness

Embeddedness rates the degree that the larger particles (boulder, rubble, or gravel) are

surrounded or covered by fine sediment. The rating is a measurement of how much of the surface

area of the larger size particles is covered by fine sediment (silt or sand). We have not included an

additional rating that would describe the nature of the embedding material (sand or silt) at this time, but

may include this in subsequent years. An embeddedness rating should allow for some qualitative

evaluation of the channel substrate suitability for spawning, egg incubation, and habitats for aquatic

invertebrates, and young overwintering fish. The rearing quality of the instream cover provided by the

substrate can be evaluated also. As the percent of embeddedness increases, the biotic productivity is

also thought to decrease.

This estimate of embeddedness will be done at the riffle locations selected for the

characterization of the bed material, as described above. To enhance one’s judgement in making this

rating, remove a particle of bed mateda[ and try to estimate as a % how much of the vertical dimension

of the particle was embedded by sand or silt. Usually, a distinct line can be seen on the surface where

the portion not embedded was exposed to flowing water. Classify the percent embeddedness

according to the following rating, and mark the data sheet accordingly:
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TABLE 3. RATING AND CODE FOR EMBEDDEDNESS.

RATING DESCRIPTION

5

4

3

2

1

Gravel, rubble, and boulder particles having less than 5% of their surface covered by fine

sediment.

Gravel, rubble, and boulder particles having between 5 and 25% of their surface covered by

fine sediment.

Gravel, rubble, and boulder particles having between 25 and 50% of their surface covered

by fine sediment.

Gravel, rubble, and boulder particles having between 50 and 75% of their surface covered

by fine sediment.

Gravel, rubble and boulder particles having more than 75% of their surface covered by fine

sediment.
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VII. STREAM HABITAT UNiT DATA - FORMS 4A & 4B

The depth and velocity of the flowing water (and the habitat available for fish and other aquatic

organisms) is affected by the stream banks, channel gradient, channel form, stream bottom

composition, and discharge, i.e. the rate of water flowing in the channel expressed as cubic feet (USGS

convention) or cubic meters per second. This is why a measurement of discharge is taken at the

beginning of a habitat unit survey.

A. Stream Flow Measurement

The water and surrounding channel comprise a complex and dynamic hydraulic geometry

system where variable water flows and associated changes in width, depth, and velocity interact with

such factors as sediment transport, channel shape, bank cutting, and size of bottom materials. Fish

can respond in a number of ways to variations in these factors, depending on species, age, and time of

year.

As an independent variable driving the system, flow is an important concern for any stream

environment study. The three dimensional movement pattern of water flowing in a stream channel in

addition to daily and seasonal fluctuations makes stream flow difficult to measure and describe.

1. Frequency of Measurement - We will be measuring stream flow (discharge) at the beginning of

a habitat unit survey. The width and depth of all habitat units (riffles and side channels especially) is

intimately tied to flow levels at the time of the survey. As you progress upstream and encounter

smaller tributary streams flowing into your segment, these should be written on the survey form in the

space for notes. These should be correlated with the horizontal control stations, where possible. Note

the discharge on Form 2, as well as Forms 4A & 4B.

Additionally, if it is raining during the survey, the crew may want to drive a stake into the bank

when you take your discharge measurement, mark where the water level is on the stake and recheck

the level of the flow at the end of the day to see how much the stage or water surface elevation has

increased. If a USGS flow gauge is located within the stream system, this should be noted on the

survey form.

2. Flow - Flow (Q) is expressed as the rate of a volume of water moving past a given stream cross

section per area of water (A) in square feet times flow velocity (V) in feet per second to give the

traditional units of cubic feet per second. Because flow velocity varies greatly within and across a

channel with both depth and width, it is not possible to measure stream flow with a single

measurement of velocity. Rather, the channel must be broken into a number of partial sections (Fig. 6)

to account for variations in velocity and depth. Appendix A contains details on determining depth,

velocity and discharge. The following is a summary.
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The total discharge or flow calculation is based on the sum of the flows for individual partial

sections as follows:

e

where:

n

wi
di
vi

the total number of Individual sections,

horizontal distance from the initial point,

water depths for each section, and

measured velocity for each section.

The flow for each partial section is calculated and then summed to get the total discharge. The

number of sections used in any flow measurement depends on the variability of velocities within the

channel. Usually, at least 15-20 measurement points should be used unless the channel is extremely

regular in both bottom elevation and velocity distribution. Measurement points are taken at all breaks

in the gradient of the stream bottom and where any obvious changes in flow velocity occur within the

channel. It is advisable to space the partial sections so that no partial section has more than 10 percent

of the total flow contained in it. Cells of equal width across the entire cross section are not

recommended unless the channel cross section is extremely uniform.

3. Depth at Which Velocity Is Measured - Velocity variations with depth are accounted for by

measuring flow at depths where velocity is equal to the average velocity for the water column passing

that point. Velocity at the bottom is zero and reaches a maximum near the surface of the water. The

proper depths to measure the average velocity vary with water depth as follows: If the depth is less

than 2.5 ft., take the velocity measurement at 0.6 of the depth; and if it is greater than 2.5 ft., take the

velocity reading at both 0.2 and 0.8 of the depth, and average the two readings. All depth

measurements are referenced to the water surface. Velocity is measured with a current meter attached

to a rod or cable for measuring depth. The rod is adjustable and can be set at the proper measurement

depth.

B. Terms Used To Describe Fish Habitat

To quantify and describe the distribution and arrangement of habitat units (pools, riffles, side

channels, and the like) we use unit descriptions which are modified versions of those developed by
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Bisson et al. (1982, Appendix D), paired with a sampling scheme and estimation technique developed

by Hankin and Reeves (1987).

Fish habitats within streams are classified into four broad categories according to location within

the channel, pattern of water flow, and nature of flow-controlling structures. The key to distinguishing

these features and unit descriptions are included in Appendix E and Fig. 7..

1. Riffles - These units are divided into six habitat types: glides or runs, pocket water, low

gradient riffles, step pool cascades, slip face cascades, and rapids (according to increasing

velocity, and size of bed materials.

2. Pools - Pools are divided into five types: dammed pools, eddy pools, plunge pools, scour

pools, and scour holes

3. Side Channels - These include water flowing in channels separated from the main channel.

Wall-based channels and side channels that may provide fish habitat are important features

to note.

4. Beaver Ponds - A somewhat anomalous category, but because of their importance to fish,

have been given their separate listing.

C. Position Within the Channel of Habitat Units

Individual habitat units within a given length of stream will occupy all or only part of the wetted

width, i.e. units may not only occur in series, but in parallel or even nested within each other. This

feature is accounted for by filling in the "unit category" block on Form 4A & 4B. An entry of "1"

indicates that the unit occupies more than 50% of the wetted width of the unit; "2" indicates the unit

occupies less than 50% of the wetted width; and "3" indicates the unit occurs within a side channel

irrespective of its position in the channel.

D Estimatinq Physical Dimensions of Habitat Units

A technique for quickly sampling habitat unit areas within a given stream segment has been

developed by Hankin and Reeves (1988). Appendix F gives a more complete description of this

method and it’s statistical basis (Parton, unpublished). The basic approach to the estimation technique

is for members of the crew to "calibrate" their ability to visually estimate distance, by first approximating

and then measuring the distance to see how accurate they were. With a little practice, an individual

can become quite consistent and refine the precision of their "eye-baH estimate". Systematic estimates

are made of habitat unit length and width, using these visual estimation techniques. Depths will always

be measured and averaged as this has proven to be easier and more accurate than estimating.
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Within a given segment, a team classifies habitat units according to the key provided in

Appendix E and estimates the dimensions as they proceed upstream during their inventory. The

fraction or interval of the habitat units of a particular type to be measured is based on the frequency of

occurrence of that habitat unit (which will be roughly tallied during the horizontal control survey).

In addition, to select the actual unit to begin both estimated and measured dimensions, a

random number is selected. For example, frequently occurring units such as low gradient riffles may

have a sampling fraction of one-in-ten, if "3" is randomly selected at the starting point, and "10" is the

interval of occurrence selected to both estimate and measure, then the third, thirteenth, twenty-third ....

low gradient riffle will be both estimated and measured. Relatively uncommon units, such as dammed

pools, may only occur a few times within a surveyed segment. In order to obtain measurements with

which to calibrate their corresponding estimates, a lower sampling fraction must be assigned to these

tess frequently occurring units.

Once the survey begins, one member of the crew is designated as the estimator. S/he will

visually estimate and call out the length and width, dimensions for each habitat unit as the crew

progresses upstream during the survey. Depths are measured and averaged for the unit. The second

member of the team records these estimates on the data sheet, and make the determination of the kind

of unit it is.

1.

2.

Calibration - At every measured habitat unit ( i.e. those units selected by the sampling

fraction) the second crew member actually measures the above dimensions that were

"estimated" by their team partner. Under no circumstances does s/he tell the "estimator"

what the actual measured dimensions are. These measured dimensions are recorded on

Form 4A or 4B in the row below the estimated dimensions they are paired with. When the

data is analyzed, a calibration factor is determined for each surveyor in order to correct the

estimated dimensions.

Habitat Unit Width - Stream width is an important index to measuring the quantity of

instream habitat for fish and insects, as well as the proximity of the streamside vegetation.

Stream width is the averaged horizontal distance from wetted edge to wetted edge along the

existing water surface within a habitat unit. Average stream width across a given channel unit

should be visually estimated and measured, as outlined above, and recorded to the nearest 1

foot, or metric equivalent. Total unit area will be automatically calculated as the product of

unit length times mean width. To provide consistency in measurement, protruding logs,

boulders, stumps, or debris surrounded by water are included in the measurement of the

water surface.
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Islands are not included In the measurements of habitat unit width. Any solid

accumulation of sand, rocks or other sediment protruding above the water and more than 1

ft (0.3 m) in width is considered an island. The stream width measurement ends when, on

approaching the shoreline, any material is not completely surrounded by water and water is

only pocketing between the material The wetted width of the unit on each side of the island

is summed and recorded as the width of the habitat unit. These guidelines are necessary to

obtain measurement consistency from year to year on the same stream.

3. Habitat Unit Depth - Stream depth is affected by stream flow, velocity, substrate, and

channel geometry. Depth Is important in the assessment of potential fish production and

biomass per unit volume of water.

Mean channel depths at the channel unit level will be measured for every unit, Habitat

unit depth is the vertical height of the water column from the channel bottom to the water

surface, recorded to the nearest tenth of a foot, or 0.01 meter. At each pool, two depths will

be recorded, one for the crest or pool outlet depth and one for the maximum depth of the

pool (Figure 8 and Appendix G). Depths at other unit types are measured using the stadia

rod or ruler. Determine stream depth as the average of the measured water depths taken

across the channel unit. The stage (or elevation of the water surface at a given discharge),

and the width and depth profile of the channel bottom largely determines how many of these

measurements are needed.
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E. Obstructions

The column labeled "obstructions" on Form 4A will account for the in-channel feature that forms

pool units only. The list of possible obstructions are listed on the code reference sheet and include

log(s), debris jam(s), standing tree, other root protected banks, boulder(s) or bedrock.

F. Large Woody Derbis

Trees, logging debris, stumps, root wads end similar large woody debris (LWD) that enters a

stream channel play an important role in determining both the physical character of channel units and

the suitability of instream habitat for fish and aquatic insects. The size, type and distribution of this

material changes over time, and streams of different character can accommodate differing amounts of

LWD loading. The objectives of this sampling scheme are to get a count of LWD occurring either

singly or in log jams, and how these pieces are distributed within a valley segment. This data is

entered on Forms 4a & 4b. This approach to measuring and rating in-channel organic debris is keyed

to visual estimation of habitat units. Since we want to get an accurate count of LWD, we only want to

count a piece or log jam once. So even though a stump or log may span more than one channel unit,

we only want it counted within the first unit where it is encountered.

1. For the first occurrence within a channel unit, count each piece of woody debris within the

bankfull channel, or each log jam when three or more pieces occur together. The total

number of pieces in the location classes (A ~ D) should be equal to the total number of logs,

root wads and debris jams within any one unit.

2. On the Habitat Unit Data Forms 4A & 4B, record the number of individual logs or root wads

indicated on the form. Logs should be > 10 feet long to be counted. This minimum length

can be reduced somewhat in smaller streams with less energy to transport debris. Root

wads are counted separately, and should be at least two feet in diameter to qualify as root

wads.

3. When counting the pieces of woody debris within a channel, record the number of logs or

root wads under the appropriate position column where:

A

B

C

D

All or a part of the woody debris occurs within the active channel, but not
within the unit.

Partially in channel unit, partially outside of unit, and influencing up to 50% of
the unit.

Lies completely within the channel unit, with the log or stump mostly
submerged and anchored, and influences more than 50% of the unit.

Spanning or bridging the channel, but not in contact with the water surface at
the time of the survey.
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VIII. RIPARIAN VEGETATION - FORMS 4A & 4B

Streamside or riparian vegetation is probably the most critical vegetation on the landscape

relative to maintenance of both instream fisheries habitat and water quality. It has a large bearing on

many of the physical attributes of a stream, such as bank stability, sediment input, water velocity, and

stream temperature. These variables largely determine the character of the Instream habitat for fish

and aquatic insects. The amount of sunlight reaching the surface of the stream, which is the energy

base for aquatic plant growth and stream temperature, is also a function of the surrounding vegetation.

In addition, riparian areas are important islands of diversity within extensive forested ecosystems.

Our approach to monitoring riparian vegetation involves measurement of canopy closure and

assessment of riparian vegetation seral stage, vegetation type as well as land use within the riparian

area.

The measurement of the canopy closure provides an indirect measurement of the degree of

shading afforded the stream by the adjacent riparian vegetation. The relative importance of canopy

closure is a function of the width of the stream, the slope, the aspect and general character of the

riparian vegetation, and the sensitivity to temperature effects, e.g. streams on the east side of the

Cascades may be more subject to temperature changes than those on the west side. The method

described below has been excerpted from Platts et al., 1987. Measurements of canopy closure need

only be made at every measured habitat unit or when obvious changes in adjacent forest stand

management are seen, such as in a clear-cut forest.

The second aspect involves characterizing the vegetation along the stream corridor by the

apparent seral stage of the plant communities. These visual estimates of seral stage will be made at

every habitat unit. In addition, note the apparent land-use of the adjacent area. Fill in the appropriate

boxes on the form provided.

A. Canopy Closure

A spherical densiometer is used to estimate canopy closure. Canopy closure is the area of the

sky over the stream channel bracketed by vegetation. Canopy density is the amount of the sky

blocked within the closure by vegetation. While canopy closure can be constant throughout the

season if fast-growing vegetation is not dominant, density can change drastically if the riparian

vegetation is deciduous, as is likely the case in many east-side areas subject to intensive land use

practices.

Originally, these methods were taken from Plaits, et al. (1987). After some field trial and error,

they have been simplified, as indicated below. Those dealing with 5th or greater order rivers should

follow the methods in the original manual or consult Platts (1987) for details.



1. For streams less than 40 feet across (wetted width), simply stand in the approximate middle

of the channel unit and take four readings using the densiometer as described below; one

facing upstream, then downstream, then in turn facing the right and left bank (the order

doesn’t matter as long as all four directional readings are taken). Generally, one can follow

the instructions printed on the cover of the densiometer, although some have found them

somewhat confusing.

2. When the channel unit width is greater than 40 feet, two additional readings (one facing

upstream and one facing downstream) should be made at both the right and left edges of the

channel unit, and the scores added to the total number of readings averaged for the entire

cross sectional site. If desired, a line or cord may be stretched across the center of the unit

within which the canopy closure measurement will be made. This line serves as the cross

channel reference point for placing the densiometer.

3. The densiometer is held in the hand in front of the observer, and above the water surface at

approximately waist height. The arm, from the hand to the elbow, is held horizontal to the

water surface. The densiometer is held away from the observer in the upstream direction.

The observer’s head reflection should almost touch the top or bottom of the grid line

(depending upon whether you are holding a concave or convex densiometer). Use the level

bubble to keep the instrument steady. Points on the grid etched into the reflective surface

will show clear sky or vegetation.

4. Notice that there are 24 sectors etched onto the reflective surface of the densiometer (Fig. 9).

Imagine that each sector is further subdivided into four quarters, with each quarter section

having a possible score of 1, and each etched section having a possible maximum score of

4. It is within these four quarters that your readings are focused. Count the sections that do

have vegetation in them, or count the sections that do not. We will explain the procedure for

both.

5. If there is a high degree of canopy closure, you might find it easier to count the number of

quarter sectors that appear to not have overhead vegetation in them; these are given a score

of one. There are a maximum of four points possible within each square. When vegetation

appears within the quarter sector, it’s score is zero. Assume 4 equally spaced dots in each

square on the grid and systematically count dots equivalent to quarter-square canopy

openings.
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Add up all of the scores for each of the four directions together, and divide by four (or by 8 if

readings were taken at both banks) to get an average score, and subtract this from 96 to get

a closure estimate. Multiply this averaged score by 1.04. This is entered as the percentage

of canopy closure. In cases where there is little overhead vegetation, it is easier to simply

count the quarter sections that do have vegetation in them. Scores are again averaged and

the product multiplied by 1.04 to give the percent of canopy closure.

An example is given in Fig. 9 that demonstrates this concept. You will notice that in

this example, there is some vegetation shown in the reflective surface, but generally it

appears to cover less than 50% of the overhead area reflected in the instrument. Imagine

that the observer is facing upstream. Counting the quarter sections within each grid mark

with vegetation in them gives a score of 39 out of a possible score of 96. Assume that

readings were taken in the remaining three directions and the scores recorded are 24, 41 and

22, respectively. Take the average of these four scores, which is = 31.5; then multiply by

1.04 to give a score of 33 (round up). This is the % of canopy closure for the unit.

When the data is processed, we will have the program take the average of all closures

or density measurements on all transects on the stream segment being studied. The average

percent canopy closure for the cross section is recorded on the Habitat Unit Data Form 4.

The largest value for this is 99%.

B. Seral Staqe of Streamside Vegetation

Our approach to characterizing the vegetation along the stream corridor is to record the seral or

successional stage into which it appears to fit. The attached profiles of successional stages (Fig. 10)

give a broad picture of the different kinds of vegetative community profiles that you will likely encounter

in the field. The physical appearance of the seral stage may vary somewhat depending upon where

you are in the state, but this should provide a basic guide to community structure.

Only the vegetation growing within 25 feet of the streamside edge need be included in the

observers frame of reference. The idea here is to give a general indication of the dominant stage of the

streamside plant community, be it primarily grasses, shrubs or a young mixed forest of hardwoods and

conifers. In the future, we will expand the scope of monitoring within the riparian corridor to answer

specific questions.



Successional Stage Definitions 1/

Crass-forb: Shrubs and/or tree regeneration less than 40 percent crown cover
and less than 5 feet tall; unit may range from largely devoid of
vegetation to dominance by herbaceous species.

Shrub-seedling: Shrubs greater than 40 percent crown canopy; of any height;
trees less than 40 percent crown canopy with small diameters.

Pole-sapling: Tree crown canopy less than 60 percent.
Young: Crown canopy cover exceeding 60 percent.
Mature: Crown cover may be less than 100 percent; little decay or defect

present;minimal occurrence of understory trees; dead and down
material residual from previous stand.

Old growth: Stands with at least two tree layers (overstory and understory);
at least 20 percent of the overstory layer composed of long-lived
successional species; standing dead and down material; decay in
some trees.

1--/ Adopted from Hall, r. et al. 1982.
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1. Seral Stage Rating - Record the applicable seral stage rating on the habitat unit form for

each unit. Code the seral stage of each bank (facing downstream).

Codes:

1 = clear-cut (< or -- 5 years since harvest)

2 = grass/forb

3 = shrub

4 = pole stage

5 = mature timber

6 = old growth

2. Land-Use - In a general sense, note in the land-use column what the dominant land-use of

the area by bank, adjacent to the stream appears to be from the following categories:

Codes:

1=

2=

3=

4=

5=

6=

7=

8=

9=

agricultural (row crop)

livestock grazing/pasture

timber lands

residential

right of way (roads, powerlines, etc)

mining,

riparian management zone

wetland

other (explain in comments)

3, Note on the data sheet in the Vegetation Type field whether the riparian plant community is

(1) primarily decidious, (2) primarily coniferous, or (3) a mixture of each (approximately a

50:50 ratio)
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For practical purposes, the terms z + d equal the water surface
elevation for a given cross section (Fig. 4.2). Thus the slope of the
energy grade line is

Fig. 4.2. Variables used in the energy analysis of open-channel
flow (from Bovee and Milhous 1978)
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and bed elevations are known, the depth may be determined at any location

on the cross section.

A. Manning Equation, Assuming Uniform Flows

Assuming a uniform flow,the measured hydraulic slope can be used

instead of the energy slope. Flow variations caused by changes in

channel geometry are assumed to be negligible. The more uniform the

dimensions and substrate of the channel, the more reliable the results
will be.

The following elements of channel geometry are measured at two

cross sections: (1) water surface elevation (stage); (2) discharge; (3)

hydraulic slope; (4) dimensions of the channel cross section, using

partial sections (a) width and (b) depth; and (4) cross-sectional area

and hydraulic radius calculated from cross-sectional dimensions.

Manning’s n is then calculated by Eq. (6). To determine discharges at

different stages, only stage is measured in the field. All other data

can be calculated using the stage measurement and the Manning’s n is

assumed to remain constant.

B. Rating Curve

This is the most accurate method of obtaining a relationship between

stage and discharge. It requires the determination of several discharges

directly from field measurements. Stage is plotted on the abscissa and

discharge on the ordinate of log-log paper, or a least-squares equation

is calculated from these data pairs. Subsequent estimations of discharge

require only a stage measurement, which is used on the plotted curve or

in the regression equation to calculate discharge.

4.5 Calculations of Partial Discharge

Methods for obtaining data required for discharge calculations are

found under the appropriate chapters in this manual (Depth, Distance,

Velocity).

Referring to Fig. 4.3, you will see that data on the total channel
cross section is composed of measurements that describe partial sections.

Each partial section also has a partial discharge calculated from the

field measurements:

N

k

!m

i

i

N

im

i

Im
mm

Im

a. = cross-sectional area of partial section, i
]

w. = width of partial section, i; the distance halfway to
1

the previous measurement point, n - 1, plus the
distance halfway to the next measurement point,

n + 1

d. = depth of partial section, i, measured at the center
1

of the partial section (observation point n)
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The discharge for the entire transect is the sum of the partial
discharges:

(4.s)

4.6 Accuracy

The accuracy of discharge calculations depends on (1) the accuracy
of methods used to measure width, depth, stage, and velocity; (2) the
number of partial sections measured; and (3) the accuracy of the
estimated Manning’s n.

Accuracy of subsequent discharge predictions depends on whether
they rely on one set of field measurements (Manning’s equation) or on a
rating curve constructed from a number of measurements.

The reliability of Manning’s equation is limited by the range of
flows of interest and the magnitude of extrapolation from the calibrated
flow to the unknown flow. Seemingly small differences between the
assumed value and the actual value for Manning’s n can introduce very
large errors into the prediction. Factors that introduce large errors
in the rating-curve method include discharge measurements too close
together and construction of a curve from only a few measurements. See
Bovee and Milhous (1978) for an analysis of error for the different
methods of predicting discharge.

4.7 Equipment

Because discharge is estimated by calculation, required equipment
for field measurements is listed under the individual variables necessary
for calculating the equations. A calculator with memory or access to a
computer should be acquired when large amounts of data are expected.

4.8 Training

Measurement of the individual variables requires different training
periods and devotion to accuracy. If the field data are on well-planned
data sheets from which calculations can be directly made, little time
should be required to explain the sequence of calculation. The calcula-
tions are simple arithmetic, but they can be tedious if done by hand.
Use of a computer package requires experience.

4.9 References

Barnes (1967), Binns (1982),Bovee and Milhous (1978), Dunne and
Leopold (1978), Gregory and Walling (1973), Bureau of Reclamation (1967).
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SYNOPTICAL KEY TO CHANNEL UNITS

This key is designed to assist in the identification of channel units
in third and fourth order streams as they appear during baseflow
conditions. Although moat of the units have similar characteristics
as those described at the more extreme high or low flows, the depth
and rater surface characteristics, in particular, may vary. The
relationship between units is illustrated in Figure 5.12, pg 97.

la Water flowing or standing in smaller channels
(braids) chat are connected Co the main channel
within the active floodplain. Theme smaller
reaches may have both pools end riffles (described
below) although they are usually of smaller
proportion than main channel units. The channels
chat are inundated during higher flows are often
disconnected from the flow at lower flows leaving
pools of standing water along the channel margins.

SECONDARY CHANNEL

(SIDE CHANNEL)

lb Water flowing in a well-defined permanent channel

2a Water is shallower and faster than the reach
average; steep rater surface slope

RIFFLE UNITS
(macro-units), lead 3a

2b Water is deeper and slower than the reach
average; gentle rater surface slope

POOL UNITS
(macro-units), lead 8a
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SYNTHESIS OF HANKIN AND    REEVES    (1988)
SAMPLING AND FIELD PROCEDURES FOR
VISUAL ESTIMATION OF HABITAT AREAS

The utility of Hankin and Reeves (1988) technique for visual
estimation of channel unit (habitat) area derives from 1) its
practical nature - relief from slow, costly measurements of every
unit within a survey reach, and 2) a sound rooting in sampling
theory and statistical inference - relief from the many problems
of using a "representative reach".    The following narrative and
examples are provided as a supplement to Hankin and Reeves (1988)
paper to provide a practical overview of this technique and to
draw attention to certain important details.    The reader is
strongly encouraged to read both papers to develop a complete un-
derstanding before applying this technique in the field.

With this visual estimation technique, only a fraction of all the
habitat units within a valley segment require critical measure-
ment wIth some device such as a tape, hip chain, or survey rod.
The dimensions of all other channel units encountered are
estimated by eye.    These visual estimates are then corrected for
observer bias by using the relationship between actual <true) and
estimated dimensions (a paired measurement).

Transforming raw survey data into a usable format involves many
computational steps and attention to the assumptions and require-
ments of stratified sampling, double sampling, and ratio estima-
tion. A database program now being developed by the Northwest
Indian Fisheries Commission (NWIFC) eliminates the need for a
rigorous treatment of the theory and computational details. This
program will provide a screen form for data entry that mirrors
the data sheet and will compute certain descriptive statistics.
However, some basics must be understood so that important assump-
tions are not violated, thereby rendering spurious results.

The first and foremost consideration in our Ambient Monitoring
effort, or any other sampling effort, is to accurately estimate
some parameter (e.g. area of low gradient riffles).    The way we
have chosen to do this is to stratify a stream into roughly
homogeneous segments based on Cupp’s (1989) valley segment clas-
sification.    The stream within each valley segment is then fur-
ther stratified into habitat (channel) units by the method of
Sullivan (1989).    Figure 1 diagrams these strata and the overall
sampling procedure to estimate total habitat area.
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Stratified sampling improves the accuracy of our estimates by
sampling within like, or homogeneous, areas based on before-the-
fact knowledge of the forces and processes causing variability in
the parameters we wish to estimate.    For example, the form, se-
quence, and hydraulic characteristics of pools in a high gradi-
ent, mountain slope/headwall segment (a G2 classification) will
be somewhat similar to each other but differ significantly from
pools in an alluvial fan segment (B3). This is analogous to the
upper, middle, and lower zonation (based on gradient) that Hankin
and Reeves (1988) provide in their example.    It follows that
within each valley segment, different channel unit types (the
second-stage strata) will differ from each other in terms of
form, function, and hydraulic characteristics but will be similar
within the same type of unit, when correctly classified.

Thus, we have a rather refined and elegant method of improving
our estimates of channel unit area (or volume) by accounting for
variability from the following sources: 1) variability between
valley segments caused by watershed influences, 2) variability
within valley segments caused by the occurrence of different
types of channel units, and 3) variability between channel units
of the same type caused by local, site-specific features.

SYSTEMATIC    SAMPLING

So far we have stratified watersheds into valley segments and as-
sumed that we will be able to correctly classify individual chan-
nel units into second stage strata.    The next step in the process
is to apply a systematic sampling procedure to each type of chan-
nel unit and pay homage to the concept of randomness, which
makes the whole estimation procedure statistically valid.     This
systematic sample is fundamental to developing the relationship
between visual estimates of channel unit dimensions and actual
(true) measurements, which allows us to account for observer
bias.

A systematic sample is obtained by randomly selecting the first
channel unit to estimate/measure (a paired measurement) from
within the first k units and then sampling every kth unit after
that.    The term "k" is called the sampling interval. (The number
of channel units in sequence between measured units, those that
are only visually estimated, is k-1. ) This is called a 1-in-k
systematic sample where k is appropriately chosen to balance the
frequency of occurrence and variability of each type of channel
unit, as well as other factors (more on this later). Each chan-
nel unit type may have a different sampling frequency (l-in-k).

For illustration, let us say that we have decided to sample every
15th scour pool (k=15), every eighth low gradient riffle (k=8),
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and every third glide within a valley segment.    To determine the
first scour pool for paired measurement, a random number between
one and 15 is needed.    If the number five were obtained, the
fifth pool encountered from the survey boundary would be
measured, and every 15th thereafter.    Thus, scour pools five, 20,
35, 50, 65... would be measured.    Fourteen <k-l) visually-
estimated units separate measured units.    Similarly, if the ran-
dom starts for low gradient riffies and glides were four and one,
respectively, the fourth, 12th, 20th, 28th... low gradient rif-
fles would be measured, as would the first, fourth, seventh,
10th... glides.    Sampling (paired measurements) would continue in
this fashion through the end of the valley segment.

Selecting the Sampling Interval

The sample interval (k) must be chosen before actually beginning
sampling and cannot be changed once sampling has begun. There is
often a strong temptation to include a more typical, or "repre-
sentative’’, or "better", unit than that selected by the sampling
interval. Don’t give in.    If an appropriate sampling interval
was chosen, enough varied units will be sampled to obtain rea-
sonable estimates and confidence intervals.

Selection of an appropriate sampling interval (k> can be aided by
some advance knowledge of the types and relative composition of
channel units within the valley segment. This information may be
available from observations during the horizontal control survey
or from other sources. Selection of the sampling interval must
strike a balance between the following considerations:

1. At least 10 paired measurements need to be obtained for
each channel unit type, otherwise the relationship be-
tween visual estimates and actual measurements becomes

questionable (more on this later). The total number of
rare (infrequent) types of units may be so few that all
should be measured.    (When all units of a particular
type are measured, correction of visual estimates is not
needed.)
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2.

.

Those channel unit types that occur frequently and are
relatively similar in area can be sampled less often (k
is larger).    In low to moderate gradient streams these
are typically scour pools, low gradient riffles, slip-
face cascades, glides, and scour holes, often linked
with smaller eddy and dammed pools.    (However, the com-
plexity and unique features of each stream and valley
segment will often confound this generalization.)

Those channel unit types that are
area or occur infrequently should
(k is small).

hiqhly variable in
be sampled more often

Relatively long valley segments will allow a propor-
tional increase in the sampling interval for all channel
unit types, thereby decreasing the actual time spent
doing paired measurements.

Selecting a sampling interval should not be a complicated, time-
consuming task.    In practice it will likely be an informed,
professional judgment that considers those channel unit types
that are, or expected to be, most frequently encountered
(greatest in area), relatively rare, and those that are interme-

diately so.

VISUAL    ESTIMATES

To be able to utilize the area and depth estimates obtained by
eye, these estimates must be corrected to something close to the
"true" dimensions.    By obtaining both visual estimates and actual
measurements (double sampling), a simple, intuitive ratio can be
developed. Corrected visual estimates are obtained by multiply-,
ing the raw estimates by the ratio of visual estimates/actual ~    
measurements.    Graphically, the correction factor is nothing more
than the slope of a line that best fits an X-Y plot of estimated
vs. measured dimensions.    This correction factor can be greater
than one if the observer consistently underestimates the actual
dimensions, and less than one if overestimation is the case.

It is very important that the estimator be consistent, not neces-
sarily accurate.    This technique accounts for over- or un-
derestimation very handily.    But, it can be scuttled by someone
who both over- and underestimates dimensions (is inconsistent)
and/or is very inaccurate.    Fortunately, there are techniques for
maintaining consistency in visual estimation.

In practice, one person is designated the "caller", the other is
the "recorder".    These roles do not change during the survey day.



!
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The caller does all the estimation; the recorder, besides the ob-
vious, does the actual measuring.    Visual estimates are not com-
mittee decisions.    The recorder should not influence the Caller
in any way. Above all, the caller should not know the rela-
tionship between estimated and!measured dimensions. Attempts at
compensation by the caller will do nothing but decrease con-
fidence and generate inconsistency.    Both the caller and recorder
should be aware of fatigue, discomfort, mental state, and other
factors that can influence the consistency of visual estimates.
It is probably better to take a few breaks or call it a short day
than tO collect poor data.

Accuracy can be improved by estimating known distances before en-
tering the field. Calibrating the eye to accurately estimate
some known distance and working in multiples or fractions thereof
is highly advisable. Most every one has some distance that they
can accurately estimate based on previous experience (i.e. a car
length, a sheet of plywood, a football field).    Practice and fre-
quent calibration to some known distance will do much to improve
and maintain consistent visual estimates.

AN EXAMPLE

Figure 2 provides a diagrammatic example of selecting sample in-
tervals for a portion of a long valley segment consisting of only
scour pools (coded SCP), low gradient riffles (LGR), and glides
(GLD).    Those units to be measured are indicated by an arrow.

I strongly urge that the notes seen on this example be included
with each data set as a comment or an attachment.    Also, be aware
that no data sheet can account for the number of different chan-
nel unit types encountered or the variable sample interval for
each. This means that each recorder will have to keep track of
the next paired measurement to be obtained as the survey pro-
ceeds. To aid this accounting, the sample interval for each type
of channel unit should be written on each page.

Finally, a table of random numbers is included for use in selec-
ting first-measured units.    Many electronic calculators with
basic statistical functions also have the capability to generate
random numbers, usually between 0 and 1.0.    Disregard the decimal
point and simply choose the first digit greater than zero if the
sampling interval is between 1 and 10. Choose the first two
digits if the sampling interval is greater than 9.    If the number
is greater than the sampling interval, continue generating num-
bers until you obtain a usable number.
















